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Substance use disorders such as opiate dependence are characterized by a compulsive use of drugs despite negative consequences (American Psychiatric Association, 2013). It is thought that these behavioral characteristics are driven by a process of hypersensitivity to drug reward that results in excessive preoccupation with drugs, at the expense of all other incentives (Robinson & Berridge, 1993). Thus, the ability to learn from non-drug cues—stimuli associated with ‘natural’ rewards—is of interest in drug dependence research, as a change in motivation to seek non-drug (or natural) rewards, or a reduction in sensitivity to punishment, may help explain why drug seeking behaviors occur more often than other forms of reward seeking. 
Recent work by Myers et al. (2016) considered a probabilistic reward and punishment-learning task in a group of people with opiate dependency. Overall, the individuals with opiate addiction did not show differences from healthy (never-addicted) controls in the extent of their learning about reward and punishment. However, Myers et al. (2016) also applied a reinforcement learning model to the empirical data, in order to understand the trial-by-trial behavior of the participants. It was found that, despite no overall group differences in performance, there were still subtle group differences in the patterns of behavior. Specifically, people with opiate dependency were more likely to change their response based on recent feedback than stick with a previously-successful response rule. Thus, opiate dependent people were more likely to change their response strategy when confronted with prediction errors on individual trials. This is not particularly adaptive when learning in a probabilistic task, as probabilistic learning requires the learning of overarching rules for stimuli in order to produce optimum outcomes, irrespective of individual trial outcomes that may deviate from these overarching rules. Thus, less volitility in responding based on recent feedback is beneficial in a probabilistic task, since a person needs to test a response pattern over multiple trials in order to learn whether or not it is beneficial overall, and resist moderating their behavior in response to individual violations (Myers et al., 2016). Therefore, it is possible that, while individuals with opiate dependency are able to learn to a similar extent compared to healthy controls, they may be utilising differing learning strategies than controls.
Evidence for differences between substance use populations and healthy controls was found in Rustemeier et al. (2012), where a two-phase probabilistic learning task was used with healthy controls and an alcohol dependent sample. In the first phase, pairs of stimuli (unfamiliar symbols) were presented. Participants were required to choose one of the symbols, and to win money they needed to learn which symbol in a pair was rewarding, and which symbol was punishing. Symbols were always presented in fixed pairings of three stimulus sets: AB, CD, and EF. However, each of the three pairs had differing outcome probabilities. AB had a respective reward probability of 80/20 (i.e. choosing A resulted in a reward 80% of the time and choosing B resulted in a reward 20% of the time). CD had a respective reward probability of 70/30, and the EF had a respective reward probability of 60/40. In this phase, healthy controls were significantly better than the alcohol dependent sample in learning to preference the most rewarding stimulus, which differs from the findings of Myers et al. (2016) in people with opiate dependency. 
In the transfer phase, subjects that had demonstrated successful learning were presented with novel pairs formed from familiar stimuli (e.g., AC, AD, BC, etc.) in the absence of feedback, in an effort to observe the extent to which the learning generalized. The alcohol-dependent group showed a clear deficit in the transfer phase. This showed that, relative to people without a history of substance dependence, people with a history of substance dependence may have difficulty applying prior knowledge about stimulus when they are presented in novel situations.  
One limitation of probabilistic tasks is that they are difficult to learn. With this in mind, Rustemeier et al. (2012) excluded participants who failed to learn to prefer stimulus A over stimulus B during the learning phase (11 patients and 5 controls) from the transfer analysis. Furthermore, controls in the learning phase showed stronger preference for A over B than individuals with alcohol dependence. Together, this seemed to suggest that, because of the difficult task design, people with alcohol dependence may have been learning to preference the most rewarding symbol in each pair, but were not necessarily learning the extent of the probability of reward signaled by each of the individual symbols (i.e. learning about how likely reward was for choosing each symbol). Those participants using this strategy may still have been included in the test phase analysis, given that the inclusion criteria for the test phase was simply those who showed a clear preference for symbol A over symbol B. 
This is important, as the transfer task in Rustemeier et al. (2012) was dependent upon having knowledge of the relative probability of reinforcement of both symbols presented in each novel combination. Therefore, it is possible that both groups acquired similar preference of ‘A’ over ‘B’ during the acquisition phase, but successful choices in the transfer phase also required application of two types of knowledge: (1) knowledge of the extent of reward likelihood signaled by each of the preferred symbols (i.e. A, C, and E), and (2) knowledge about the symbols that signal lower reward probabilities (i.e. B, D, and F). If a participant failed to retain knowledge about the extent of the reward probability signaled by each preferred symbol (A, C, and E), they would have less information available to make the most optimal choice when confronted with these types of ambiguous pairs. For instance, when a person was confronted with A and C – symbols that are both associated with reward – they might not have been able to assess the relative value of each of the stimuli and therefore chosen both stimuli equally often. Similarly, if a person only learned about the symbols that are most likely to signal reward during learning (i.e. symbols A, C, and E), and did not retain information about the probabilities signaled by the other symbols in each pair (i.e. B, D, and F), then they would also have a limited ability make optimal decisions when confronted with pairings of these symbols. For example, when a person was confronted with B and F, only learning about a preference for symbols that signal the highest probability of reward for each pair during training would handicap the ability to judge which symbol in pairs such as these is most optimal to choose.
It could be that the difficulty of a probabilistic learning phase that contained varying levels of reward probability signaling is what drove different learning strategies between the substance dependent group and the control group, and thus it might be the case that a simpler learning phase would allow people with substance dependence to develop more nuanced knowledge of the stimulus associations. However, if the generalization deficit previously observed in people with substance dependence is independent of task design, then a generalization deficit would still occur regardless of the increased simplicity of a deterministic learning task.
Therefore, the current study was a conceptual extension of the findings of previous work (Myers et al., 2016, 2017) and of Rustemeier et al. (2012) that considered generalization of learning in healthy people and individuals who are dependent on opiates. We used a two-phase design that assessed reward and punishment learning in a group of people with opiate dependence and never-dependent (or “healthy”) controls. In the first phase, subjects learned through trial and error to “pick” each of two rewarding shape-color compounds, while avoiding (“skipping”) each of two punished shape-color compounds. This allowed us to compare reward-based and punishment-based learning within and across groups, as in our prior study (Myers et al., 2016); however, in our prior study outcomes were probabilistic, but in the current study the outcomes were deterministic. It was predicted that individuals with opiate dependency would show a similar responding for non-drug reward and punishment compared to healthy controls by “picking” rewarding pairs learning to “skip” punished pairs at a similar rate. 





There were two groups of participants: a sample of individuals who are opiate dependent and a group of healthy controls. The group with opiate dependent individuals consisted of 21 outpatients from the drug health clinic at Royal Prince Alfred Hospital (RPAH), Sydney, who reported a history of opioid dependence (N = 21).  This group included 11 males and 10 females, with an average age of 41.57 years (SD = 9.69) and average education level of 9.52 years (SD = 2.14). According to information obtained from the medical records, the average opioid replacement dose (19 methadone and 2 Buprenorphine) was 74.52mg per day (SD = 33.49). 
The control group consisted of 21 never-addicted individuals, recruited from first year psychology students at Western Sydney University (WSU), Sydney, and from the wider community, through snowballing (i.e., word of mouth) and advertisements. History of opiate use was an exclusion criterion. All student participants were given course credit for participation, and non-student volunteers were reimbursed $20 for time and travel costs.  The control group included 10 males and 11 females with an average age of 40.48 (SD = 11.55) and average education level of 12.95 years (SD = 1.75).  The control group did not differ significantly from the patient group in age (t(40) = 0.33, p =.74, d = .10) or gender distribution (χ2 (df = 1, N = 42) = .10, p = .76, φ = -.05).  However, the control group had significantly higher education level than the patient group (t(40) = 5.70, p <.001, d = 1.75).
Recent history (prior 30 days) of cigarettes, alcohol, cannabis, and heroin was obtained from each participant, via structured interview. A total of 34 participants (20 opiate dependent, 14 controls) reported using tobacco, alcohol, cannabis or heroin during the 30 days prior to testing. Chi-square of independence was employed to consider the relationship between drug use and group membership. Significantly more patients (86%) than controls (28.6%) reported recent cigarette use, χ2 (1, N = 42) = 14, p < .001, φ =-.58.  However there was no significant group difference in reported alcohol use (57.1% of controls vs. 42.9% of patients, χ2 (1, N = 42) = .86, p = .36, φ =.14) or cannabis use (23.8% of patients vs. 9.5% of controls, χ2 (1, N = 42) = 1.54, p = .21, φ = -.19). Finally, five participants with opiate dependency reported using heroin in the 30 days prior to testing (23.8% of the patient group). No control participants reported heroin use, as opiate use was an exclusion criterion for this group.
The Human Research ethics committee at the RPAH, Sydney, granted ethical approval for this study (Protocol number X12 0187) with reciprocal approval from WSU (Protocol number HREC/12/RPAH/295). All participants were informed that the data collected were confidential, and that they could leave at any time. Written information about the study was given to each participant, and written consent was obtained from each participant at the start of the testing session.  At the end of the session, participants were debriefed in full regarding the purpose of the study.

Procedure
The computer task was programmed in the SuperCard environment, and was run on a Macbook Pro 2010 15-inch laptop. On each trial, the screen displayed a shape presented on a colored background, and the participant was required to either ‘pick’ or ‘skip’ the shape-color stimulus. The shapes were white geometric shapes (parallelogram, triangle, heart, circle, star, diamond, square), against seven distinct background colors (green, purple, yellow, pink, brown, red, and blue). There were two main phases in the task (described in detail below). 
Training Phase. At the start of the task, participants were asked to read the following instructions on the screen: On each trial in this experiment, you will be given a choice whether you want to pick or skip. If you pick, you might win or lose some money. If you skip you won’t win or lose any money. Your goal is to collect as much money as you can. We’ll start you off with a little money to begin with. Press the mouse button to continue. Participants were then presented with stimuli from the training phase. 




Figure 1. Example of three trials. The first trial shows a shape-color pair (cue=star, color=yellow background); the subject responds “pick” and is rewarded. The next trial shows another cue-color pair (cue=heart, color=brown background); the subject responds “skip”.  The third trial shows another cue-color pair (cue=circle, color=indigo background); here the subject responds “pick” and is punished. 










Describes how the shapes and colors were allocated to novel pairs in the test trials
	Colors rewarded in training (cr1,cr2)	Colors punished in training (cp1,cp2)	Novel colors not in training (cn1,cn2,cn3)
Shapes rewarded in training (sr1, sr2)	sr1cr2	sr2cp2	sr2cn1
Shapes punished in training (sp1,sp2)	sp1cr2	sp1cp2	sp2cn2




The data from the training and test phases were assessed with a mixed analysis of covariance (ANCOVA). Given the significant difference in education level between groups, education (in years) was used as a covariate adjustment for each factorial analysis. The education variable was centered on the mean prior to analysis, in order to reflect a grand mean of education and provide a more meaningful adjustment (Van Breukelen & Van Dijk, 2007). 
Assumptions of normality were examined for both the training phase and test phase analysis using Sapiro-Wilk’s test of normality. This normality test was significant for both analyses (p < .05), indicating that the data deviated from a normal distribution. However, the robust sample size diminished the capacity this violation has to effect the accuracy of the results (Tabachnick & Fidell, 2007). Mauchley’s test was used to examine the assumption of sphericity for all analyses. Where this test was significant, the Greenhouse Geisser epsilon was used to interpret the results for that variable. To minimize familywise error, an alpha of .05 was used for training phase and test phase analysis. All post-hoc analyses were Bonferroni-corrected for number of comparisons to minimize familywise error.

Training phase accuracy
The aim of the training phase analysis was to compare the rate of learning between groups (opiate dependent and control) for each cue type (rewarded and punished) across the four blocks of trials. A 2 x (2 x 4) ANCOVA was utilized. The dependent variable for this analysis was the number of errors made. Errors were defined as “skipping” a rewarding stimulus and “picking” a punishing stimulus. The number of errors for the rewarded and punished cues across blocks of training in the opiate dependent and control groups are presented in Figure 2. 
From Figure 2 it can be clearly seen that the opiate dependent group made significantly more errors overall than the control group, F(1, 39) = 6.51, p = .02, ηp2 = .14. However, both groups showed a decrease in the number of errors across blocks indicative of learning, F(2.24, 87.47) = 24, p < .001, ηp2 = .38, but as is apparent from Figure 2 the decrease in errors was greater for the punished cues than the rewarded cues, F(3, 117) = 22.60, p < .001, ηp2 = .37. There was no difference in errors made between rewarding and punishing compounds, and no other significant interactions. 









The goal of this analysis was to examine the rate that participants from each group “picked” each cue-context combination in the test phase. Therefore, a 2 x (3 x 3) mixed analysis of covariance (ANCOVA) was performed, with group (i.e. control or opiate dependent) as the between-group independent variable. There were also two within-subject factors: shape type with three levels (rewarded, punished and novel) and color type with three levels (rewarded, punished and novel). The average frequency of “picked” responses for test combinations that included rewarded, punished, and novel shape and color cues are presented in Figure 3. 
After adjusting for the variance of education, there were significant main effects of shape type, F(2, 78) = 20.78, p < .001, ηp2 = .35, and color type, F(2,78) =14.85, p < .001, ηp2 = .28. The main effect for Group was non-significant, F(1, 39) = .09, p = . 78, ηp2 = .002, indicating that the groups did not differ overall in the extent to which they chose pick and skip across the test phase. There were also significant interactions between color type and group, F(2, 78) = 5.49, p < .05, ηp2 = .12, and between cue type and color type, F(4, 156) = 2.88, p < .05, ηp2 = .07. Overall these interactions suggest that, while behavior was modulated by both the cue type and color type, these effects are not independent from each other. As can be seen in Figure 3, both groups responded differentially to the relative value of the shape however the control group also responded to the relative value of color, whereas this did not seem to be the case for the people with opiate dependence. These interactions are investigated further below. Finally, there were no interactions between cue type, color type, and group; or between group and cue type; or a main effect of education (all F < 1). 
	
Figure 3. Test phase performance for the full sample (N = 42), in terms of average pick responses to stimuli in each group. Panel A presents average response data for rewarded, novel and punished shapes, and panel B presents average response data for rewarded, novel and punished colors.  Error bars indicate SEM.

The two interactions above indicated that the effect of color type is conditional on group, and on shape. Each of these interactions was examined in detail below. 
The effect of color type was examined at the level of each shape. For rewarded shapes, color type significantly changed number of picks, F(2, 82) = 7.31, p = .001, ηp2 = .15. In novel shapes, the main effect of color was significant, F(2, 82) = 13.66, p < .001, ηp2 = .25. For punished shapes, the main effect of color type was not significant, F(2, 82) = 3.48, p = .04, ηp2 = .08. Overall these analyses showed that, for rewarded and novel shapes, picking behavior in the test phase differed depending on what color type is present. However, for punished shapes, picking behavior did not differ across color types.
Analysis of control and opiate dependent groups. A repeated-measures ANOVA was considered the effect of shape in each group. The opiate dependent group showed a main effect of shape, F(2, 40) = 11.37, p < .001, ηp2 = .36, as did the control group, F(2, 40) = 10.23, p < .001, ηp2 = .34. As can be seen in Figure 3, there is a clear change in choice for both groups based on which shape was presented. A repeated-measures ANOVA was conducted for the effect of color type in each group. There was a main effect of color type in the control group, F(2, 40) = 21.18, p < .001, ηp2 = .51, but not in the opiate dependency group, F(2, 40) = 1.23, p = .30, ηp2 = .06.   This suggested that control, but not opiate dependent participants, were using color to modulate “picking” responses. Specifically, controls picked shape/color combinations significantly more when the color type was previously-rewarded compared to previously-punished (Mdiff = 1.24, SE = .22, p < .001), and significantly less when the color type was previously-punished compared to novel (Mdiff = -.73, SE = .19, p = .001). Stimuli with previously-rewarded colors were picked more often than stimuli with previously-novel colors, but this difference was non-significant (Mdiff = .51, SE = .20, p = .02).
Learning criterion performance. A subset analysis was conducted on people who demonstrated at least 75% correct responses for both rewarded and punished trials during block four of the training phase, to determine whether differences during the transfer phase remained when differences in training were controlled. This criterion was reached by  nine people for the opiate dependent group and 18 for the control group. 
For the training phase, there was no main effect for group, F(1, 24) = 2.80, p = .12, ηp2 = .11, which indicated both groups showed similar learning. There was a main effect of block, F(3, 24) = 25.27, p < .001, ηp2 = .51, a main effect for stimulus type, F(1, 24) = 26.43, p < .001, ηp2 = .52, and an interaction between block and stimulus type, F(3, 72) = 25.32, p = .12 < .001, ηp2 = .51. Examination of the block effect in each stimulus type showed no main effect for block, F(2, 19) = 3.09, p = .05, ηp2 = .11, but a significant main effect for punished stimulus, F(1.79, 46.63) = 45.29, p < .001, ηp2 = .64. Overall, this analysis showed that both groups in this subset learned similarly across the training phase. 
Analysis of the test phase data also demonstrated no group difference, indicating that the groups did not differ overall in their choices across the test phase. However, there were significant main effects of shape, F(2, 48) = 13.58, p < .001, ηp2 = .36 , and color, F(2,48) = 4.05, p < .05, ηp2 = .14. Most importantly, though, the color by group interaction persisted in this subsample, F(2, 78) = 5.49, p < .001, ηp2 = .24. Follow up analyses showed a main effect of color type in the control group, F(2, 34) = 18.62, p < .001, ηp2 = .52, but not in the opiate dependency group, F(2, 16) = 1.06, p = .37, ηp2 = .12. Specifically, as seen in Figure 4, controls picked cue/color combinations significantly more when the color type was previously-rewarded compared to previously-punished (p < .001, Mdiff = 1.32, SE = .21), and significantly less when the color type was previously-punished compared to novel (p = .003, Mdiff = -.73, SE = .21). Stimuli with previously-rewarded colors were picked more often than stimuli with previously-novel colors, but this difference was non-significant (p = .02, Mdiff = .57, SE = .23).There was also no interaction between shape type, color type, and group; or between shape type and group; there was no main effect of education. Unlike the full sample analysis, there were no interactions between shape and color (but this is probably due to the lower power as a result of the smaller sample size). 

	
Figure 4. Test phase performance for the learning criterion sample (N = 27), in terms of average pick responses to stimuli in each group. Panel A presents average response data for rewarded, novel and punished shapes, and panel B presents average response data for rewarded, novel and punished colors.  Error bars indicate SEM.

Discussion
The aim of the current study was to examine reward and punishment learning of non-drug outcomes in both healthy controls and individuals who are opiate dependent, and also to observe how learning transfers to novel stimulus combinations. This study is one of the first to provide an empirical observation of the flexibility of learning from both reward and punishment stimuli in a sample of people with opiate dependency. Furthermore, this study also has provided unique insight into the generalization of learning.

Training phase
Most importantly, in the acquisition phase we found a general deficit in learning to both reward and punishment stimuli in participants with opiate dependency relative to healthy controls. The group difference in the learning phase was unexpected as it contrasted with previous work with similar behavioral tasks that we have used previously, such as in Myers et al. (2016), where substance dependent groups performed as well as non-dependent controls in reward-based and punishment-based learning.




In the test phase, we found that there was a selective deficit for the sample of people with opiate dependency in their use of color cues to modulate behavior. This result is in partial agreement with previous research (Myers et al., 2016; Rustemeier et al., 2012), as the current results also demonstrated a decrement in transfer performance for the opiate dependent group. When we reanalyzed the data of only those who demonstrated 75% or more correct responses for reward and punishment within the learning phase the generalization deficit in the opiate dependent group persisted. Therefore, the group difference in utilization of color stimulus during test is not simply due to group differences in errors during learning, as even a sub sample of “good” learners in the opiate dependent group did not utilize color to make decisions in the test phase. 
Furthermore, if the generalization deficit were simply due to poor learning of the task, we also would expect to see poor utilization of shape cues during test from people with opiate dependence. However, there was no group by shape interaction during test, which indicated that, despite greater errors in both reward and punishment trials, people in the opiate dependent group did indeed learn the outcomes associated with the shapes enough in order to shift their behavior in response to those cues during test.  
Indeed, the novelty of the deficit in generalization found for the current experiment was the selectivity of the transfer deficit. For the people with opiate dependency, the learning of the shape-outcome association appeared to overshadow learning of the color-outcome association. Since each component of the compound stimulus for the learning phase—both the shape and the color—had identical learning histories, it is possible that the shapes were more salient than the color stimulus for the people with opiate dependence, and thus were prone to overshadowing the association between the colors and their paired outcomes (Mackintosh, 1976; Smith & Vela, 2001). This overshadowing could explain why, during the transfer test phase, the behaviors of the participants with opiate dependency were modulated by shapes but not reliably modulated by the color stimulus. 
At present it is unclear why overshadowing of color would occur in the opiate dependent group but not the control group. Examination of an incentive salience account of substance addiction might provide an explanation. In the incentive salience model, drug addiction is the development of a pathological wanting of drugs driven by a large increase in motivation for drugs (Robinson & Berridge, 1993). As a result people with substance dependence develop bias toward drug cues (Frankland, Bradley, & Mogg, 2016; Lubman, Peters, Mogg, Bradley, & Deakin, 2000) and become preoccupied with attaining drug reward at the expense of natural rewards (Hyman, Malenka, & Nestler, 2006). Thus, the simple discrimination task during training may have been less likely to elicit adequate attention from people with opiate dependence compared to controls because of this lower interest in the reward and punishment outcomes of the task. This would explain the group difference in training since the outcomes delivered might have been less effective for sustaining attention within the opiate dependent group compared to the control group. Furthermore, this could also explain the color overshadowing effect shown during test, as lower attention to the stimulus compounds during training might result in less opportunity to learn both the shape-outcome and color-outcome associations for each pair. Thus, the shapes may have been more perceptually salient and thus more likely to be learned in a person who allocated lower attention to the compound cues. Therefore, the possibility remains that this group might have performed better if motivated to do so by provision of primary reinforcement or punishment (or actual monetary gain and loss). 
A motivational difference between groups may also be explained by acute intake of methadone. The majority of the participants with opiate dependency were recruited for testing after they had taken their daily dose of methadone. Therefore, it is possible that the effect of this methadone intake has contributed to the current results. This may have confounded the results in two ways: The sedative effects of methadone may have generally reduced physiological arousal and thus patients were less likely to be fully engaged in the task. Relatedly, cognitive deficits in methadone patient groups may be dosage dependent (Rapeli et al., 2007). The group of methadone patients in the current experiment had a much higher average daily dose of Methadone (74.52mg, SD = 33.49) compared to that of the previous learning investigation with this population (i.e.  3.49mg, SD = 2.16 in Myers et al., 2016).  However, our most recent investigation examined a group of individuals who were, on average, receiving a similar methadone dosage (75.5, SD = 33.5; Myers et al., 2017) and did not find any generalization deficits. Therefore, while it is unlikely that the current findings are only indicative of acute methadone effects, this confound cannot be ruled out as potentially contributing to the current findings and future research will be required to partial out these effects.
Alternatively, the transfer phase is considered to require MTL function for successful generalization (Shohamy, Myers, Kalanithi, & Gluck, 2008), and there is evidence for MTL damage in opiate dependency. For example, there are general structural changes noted in the hippocampus in addicted populations (Koob & Volkow, 2010).  Thus, there is generally evidence to suggest that exposure to opiates might result in changes to MTL neural circuitry, and may explain why we observed a transfer deficit in the opiate dependent group. By comparison, the healthy control group demonstrated reliable use of the color stimulus and thus no overshadowing. Although, it is unclear if or how this observation is related to the changes in MTL function hypothesized above, as the process of overshadowing is thought to be hippocampal independent (Moustafa, Myers, & Gluck, 2009). Potentially, stronger overshadowing observed in people with opiate dependence indicates that people in this group were using different strategies during learning because overall people in this group were not able to recruit MTL function as reliably as controls. Although, it is unclear from the present results what learning mechanisms would be in operation to generate these group differences. Therefore, future work will need to examine the reliability and mechanism of action for this selective overshadowing effect in learning generalization for participants with opiate dependency.

Conclusion
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